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During two sampling seasons we analyzed on weekly basis fatty acid (FA) composition of seston
fraction o130 mm and zooplankton fraction 4130 mm, and compared them using a multivariate
canonical correlation analysis (CCA). Besides, we evaluated a possible impact of water temperature and
inorganic nutrients on FA composition of the seston and the zooplankton.
In spite of signiﬁcant differences in percentages of several individual FAs, we found very strong
canonical correlation (cross-correlation, 1-week lag) between FA composition of the seston and the
zooplankton. The most important factor, providing the overall canonical cross-correlation between FA
proﬁles of the seston and the zooplankton fractions was eicosapentaenoic acid (20:5o3, EPA). FA
composition of the zooplankton fraction had comparatively poor correlations with taxonomic
composition of the zooplankton. Thus, seasonal variations of FA composition of the zooplankton were
determined primarily by seasonal changes in FA composition of the seston, rather than by taxonomic
differences of FA proﬁles between rotifers, cyclopoids and cladocerans. FA composition of the seston
was strongly affected by its taxonomic composition, namely by that of phytoplankton. According to
CCA, the highest factor loadings pertained to diatoms interacting with their marker acids, including EPA,
and cyanobacteria and greens, interacting with their marker acids. Ciliates and small rotifers composed
considerable and sometimes major part of the seston biomass, but according to CCA their contributions
to seasonal variations of the total FA proﬁle of the seston were insigniﬁcant. This ﬁnding indirectly
support the conclusion of the other authors, that the main source of FAs presented in ciliates and
rotifers must be sought in algae and that they do not modify FA composition of food consumed, apart
from repackaging it.
Water temperature was the principal environmental parameter which drove the overall variations
of FA composition. Factor loadings for the inorganic nutrients were comparatively negligible. The main
contribution in the seasonal variation of FA composition of the seston was given by negative interaction
between water temperature and percentage of EPA in the seston.
& 2009 Elsevier GmbH. All rights reserved.Introduction
Transfer of matter and energy from primary producers to
organisms of higher trophic levels is known to be one of the key
points of ecological studies. Among energy-yielding carbon
compounds, lipids evidently have very high physiological im-
portance. In pelagic ecosystems the phytoplankton, as the base of
the food web, seems to control the entire food web right up to the
ﬁsh concerning lipid content and quality (Ahlgren et al., 1996).H. All rights reserved.
f Siberian Branch of Russian
60036, Russia.One of the main parameters of food quality for animals is content
of essential polyunsaturated fatty acids (PUFA) of o3 family. A
shortage of PUFA in food limits growth and development of
zooplankton (e.g., Mu¨ller-Navarra, 1995; Anderson and Pond,
2000; Wacker and Von Elert, 2001; Gladyshev et al., 2008) and
ﬁsh (Copeman et al., 2002; Francis et al., 2006).
Zooplankton organisms are primary consumers in pelagic
ecosystems and thereby they serve as conduits of lipids from
phytoplankton to ﬁsh. Many studies of transfer of lipids from the
phytoplankton (seston) to the zooplankton have focused on a
comparison of their fatty acid (FA) compositions both in
laboratory cultures and in natural water bodies. At present the
extent to which zooplankton depend on, and reﬂect, the proﬁles
of FA in their foods is still debated (Hessen and Leu, 2006; Brett
et al., 2009). On the one hand, laboratory experiments have
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daphniids originate from the animal’s diet (Goulden and Place,
1990). In accord to this, the similarity between FA composition of
Daphnia and their diets has been found (Brett et al., 2006). Strong
correlations between seston FA proﬁles in polar lipids and those
in Daphnia have been shown in the ﬁeld study (Taipale et al.,
2009). On the other hand, a number of authors have reported a
mismatch between FA composition of zooplankton and its food in
natural water bodies (Desvilettes et al., 1997; Bychek and
Guschina, 2001; Hessen and Leu, 2006; Persson and Vrede,
2006; Rossi et al., 2006; Gutseit et al., 2007; Smyntek et al., 2008).
The latter authors drew their conclusions about the mismatch
of FA compositions basing on differences between levels of
identical individual fatty acids in the seston and zooplankton
and (or) on an absence of pair correlations of identical acids
between the groups. Indeed, zooplankton organisms are known to
have the ability to synthesize de novo a number of fatty acids and
modify some acids, obtained with food, for instance, desaturate
and elongate dietary a-linolenic acid (18:3o3, ALA) to eicosa-
pentaenoic acid (20:5o3, EPA) (Goulden and Place, 1990; Von
Elert, 2002). However, animals do not have the desaturases to
insert double bonds in fatty acid molecules in o3-position;
therefore they cannot synthesize a-linolenic acid, which must be
obtained from the diet (Canuel et al., 1995). Consequently, EPA
content in the zooplankton may correlate with that of ALA in
phytoplankton, while levels of ALA in the phytoplankton and
zooplankton proﬁles may be signiﬁcantly different. Does this
mean a mismatch between FA composition of zooplankton and
that of their food, or a close relation of FA proﬁle of zooplankton
to that of phytoplankton?
Thus, match and mismatch between FA composition of
phytoplankton and zooplankton seems to be a matter of
terminology to some extent. In any case, to our opinion, FA
proﬁles of the zooplankton and their food should be compared as
a whole, using a multivariate statistical analysis, rather than pair-
wise comparisons of identical acids. Many studies of a correspon-
dence of FA proﬁles of zooplankton and their food were carried
out in laboratory, or in ﬁeld in relatively similar lakes where
seston FA composition varied little making it more difﬁcult to
detect dietary impacts (Brett et al., 2009). Thereby, the ﬁrst aim of
our study was to evaluate how FA proﬁle of the zooplankton in a
freshwater reservoir matches that of their food source, seston,
with signiﬁcant variations of FA composition, using a multivariate
statistical technique.
Fatty acid composition of phytoplankton and organisms of
higher trophic levels evidently depend on environmental para-
meters. There are a few works that reported possible effects of
environmental parameters on FA composition of plankton. First of
all, Ahlgren et al. (1996) have hypothesized differences between
phytoplankton PUFA contents in oligo- and eutrophic lakes, and
Mu¨ller-Navarra et al. (2004) have found a strong negative
correlation between contents of some essential PUFAs in seston
with total phosphorus. In contrast, some other authors did not
observe any decrease in content of essential fatty acids in seston
with increased total phosphorus (Smith et al., 2007). Studies of
impacts of other environmental parameters, such as radiation
and temperature, on content of plankton lipids are desirable
(Mu¨ller-Navarra, 2008). Villar-Argaiz et al. (2009) found an
interactive effect of UV and phosphorus enrichment on PUFA
content in seston. Effect of temperature on FA composition of
phyto- and zooplankton organisms is well studied in laboratory
experiments (e.g., Sushchik et al., 2003c; Jiang and Gao, 2004;
Schlechtriem et al., 2006; Masclaux et al., 2009). In contrast,
Taipale et al. (2009) did not ﬁnd any statistically signiﬁcant
correlation between water temperature and contents of groups of
fatty acids in phospholipids of Daphnia in a ﬁeld study. Someother authors supposed an impact of temperature on FA
composition of natural plankton, however, no quantitative
statistical evaluations of possible correlations were done (Hessen
and Leu, 2006; Maazouzi et al., 2008). Moreover, no attempt was
made to study a possible interactive effect of temperature and
another environmental parameter, e.g., level of inorganic nutri-
ents, on fatty acid proﬁles of plankton. Thus, the second aim of our
study was to evaluate a possible impact of water temperature and
inorganic nutrients on FA composition of seston and zooplankton
using a multivariate statistical analysis.Methods
Site description
Bugach reservoir is situated 561030N and 921430E at the North-
West edge of Krasnoyarsk city (Siberia, Russia) in the Bugach
River (secondary tributary of the Yenisei River). Maximum depth
of the reservoir is 7 m, and the mean depth is about 2 m. The
reservoir has steppe banks and is exposed to a considerable wind
action. Samples were taken at a central point of the reservoir.
Thermal stratiﬁcation at the sample site was absent; depth at the
site was about 4.5 m. More detailed description of the reservoir is
given elsewhere (Gladyshev et al., 2007).Sample collections
The reservoir was sampled weekly from May to October in
2007 and from May to September in 2008. Samples were taken
with a Ruttner-like 8 L sampler and were pooled from depths
1–3(4) m, i.e., down to 0.5 m off the bottom. Zooplankton
(namely meso- and macrozooplankton) were collected by pouring
72 L sample through cone plankton net, mesh size 130 mm. Seston
fractions were pre-screened through the 130 mm nylon mesh. We
collected the coarse seston fraction because using a smaller mesh
size (o30 mm), would have excluded some of the important food
source for herbivorous zooplankton, such as ﬁlamentous prokar-
yotes (DeMott and Gulati, 1999; Gulati et al., 2001). Moreover,
omnivorous zooplankters, such as copepods and large rotifers, are
known to be capable of raptorial feeding and thereby they can
consume metazooplankton ca. 100 mm (Plaßmann et al., 1997;
Bul’on et al., 1999; Devetter and Seda, 2006; Yin and Niu, 2008),
which are components of microbial loop, and regarded here as a
constituent of seston. Some authors also used coarse fractiona-
tion, 100 mm, for studying FA composition of zooplankton and
their potential food, seston (Gutseit et al., 2007; Taipale et al.,
2009).Phytoplankton analysis
Phytoplankton sub-samples of 0.15–0.5 L from the
pre-screened seston fraction were ﬁltered through ‘‘Vladipor’’
cellulose ﬁlters (Mytischi, Russia; pore size, 0.75–0.85 mm). The
ﬁlters were placed in ﬁltered reservoir water with Lugol’s solution.
Prior to enumeration in counting chamber, phytoplankton was
scraped from ﬁlters with scalpel. Microalgae were counted and
identiﬁed using a Fuchs–Rosenthal counting chamber (3.2 mL
volume) under a light microscope at 400magniﬁcation. The
biovolume of algae was derived by equating the individual algae
to appropriate geometrical shapes or their combinations (Hillebrand
et al., 1999) and relevant sizes were measured using an ocular
micrometer. Wet weight of algae was then calculated assuming a
speciﬁc density of 1 g sm3.
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Protozoans, namely ciliates, were counted after 24-h settling of
1 L sub-sample of the seston fraction. Large species were counted
and identiﬁed alive in a Bogorov counting chamber using a
stereomicroscope under 100magniﬁcation. Small-size species,
less than 40 mm in length, were counted after Lugol’s solution
ﬁxation by the drop method in the 25-mL samples using
Fuchs–Rosenthal chamber and a ﬂuorescence microscope under
400–600 magniﬁcation. Biovolumes of ciliates were estimated
according to Foissner and Berger (1996). More detailed description
of the methods is given elsewhere (Makhutova and Khromechek,
2008).
Metazooplankton analysis
Metazooplankton from the pre-screened seston fraction was
counted and measured in 1 L sub-samples after 24-h settling
using a stereomicroscope and a light microscope. Size was
converted to wet weight using conventional species coefﬁcients
(Balushkina and Winberg, 1979).
Zooplankton analysis
Zooplankton samples of the total volume of 72 L was
concentrated in the 130 mm net, and then separated into sub-
samples for counting and fatty acid analysis. The sub-samples
were ﬁxed with 10% formalin and counted under a microscope.
Size was converted to wet weight like that of metazooplankton,
described above.
Seston and zooplankton pretreatment
Seston for following fatty acid analyses was collected from
400–600 mL pre-screened sub-samples by vacuum ﬁltration onto
membrane ﬁlters (Vladipor, Mytishchi, pore size 0.75–0.85 mm),
pre-covered with a layer of BaSO4 to facilitate the separation of
residues. Zooplankton from sub-samples of total 72 L samples
were concentrated onto the membrane ﬁlters in the same
manner. The ﬁlters were dried at 35 1C for about 30 min, and
the residues were then separated from ﬁlters and placed into
chloroform–methanol and frozen at 20 1C.
Fatty acid analysis
Lipids were extracted with 5 mL of chloroform–methanol (2:1,
v/v) three times. After evaporation of the solvent, methyl esters of
fatty acids (FAMEs) were prepared in a mixture of methanol–
sulphuric acid (20:1, v/v) at 85 1C for 2 h. Subsequently, the
methanolysis was stopped by adding 2 mL of distilled water, and
FAMEs were extracted two times with 3 mL of hexane. The hexane
lipid fraction was roto-evaporated to dryness and resuspended in
15–20 mL of hexane and 1–2 mL of a sample was injected. FAMEs
were analysed and identiﬁed using a gas chromatograph–mass
spectrometer (GC/MS, model GCD Plus, Hewlett Packard, USA, or
model 6890/5975C, ‘‘Agilent Technologies’’, USA). The FAMES were
quantiﬁed according to the peak of internal standard, nonadecanoic
acid, which solution of 0.5 mg/mL was added in a ﬁxed volume
(30 mL) prior the extraction. Peaks of FAMEs were identiﬁed by their
mass spectra, comparing to those in the data base (Hewlett-Packard,
USA; ‘‘Agilent Technologies’’, USA) and to those of available
authentic standards (Sigma, USA). More detailed descriptions of
the analyses are given elsewhere (Gladyshev et al., 2000; Sushchik
et al., 2003b). To determine double bond positions in monoenoic andpolyenoic acids, GC–MS of dimethyloxazoline derivatives of FA were
used (Makhutova et al., 2003).
Inorganic nutrients analyses
Pre-screened water sub-samples for soluble inorganic phos-
phorus and ammonia nitrogen were analyzed on the day of
sampling. Inorganic phosphorus was determined by persulphate
oxidation followed by the ammonium-molybdate method on a
spectrophotometer at 680 nm. Ammonia nitrogen was determined
by the nesslerization method, using a light ﬁlter of 400–425 nm.
Statistical analysis
Statistical analysis, Wilcoxon matched pairs test and canonical
correlation analysis (CCA) were carried out conventionally (Camp-
bell, 1967; Jeffers, 1981), using STATISTICA software, version 6.0
(Stat-Soft, Inc.). Correlation graphs were based on positive, high
(40.5) and statistically signiﬁcant (po0.05) product-moment
(Pearson) correlation coefﬁcients. Details of correlation graph
analyses are given elsewhere (Gladyshev et al., 2001).Results
Water temperature and inorganic nutrients
Water temperature in 2007 varied from 11.0 1C in May 23 up
to summer maximum, 24.7 1C, in July 11 and down to 9.0 1C in
October 3 (Fig. 1). In 2008 the temperature variations were from
9.2 1C in May 14 up to 22.5 1C in July 2 and down to 9.7 in 17
September (Fig. 1).
Seasonal dynamics of the concentration of NH4–N in water had
different patterns in the two studied years with seasonal maximums
0.375 mg L1 in August 8, 2007 and 0.450 mg L1 in June 4, 2008
(Fig. 1). Average seasonal concentrations of ammonium nitrogen
were 0.143 and 0.212 mg L1 in 2007 and 2008, respectively.
Concentrations of PO4–P in the reservoir also had different
seasonal patterns, like those of ammonium nitrogen. Seasonal
maximum of 2007, 0.043 mg L1 occurred in June 20, and
seasonal maximum of 2008, 0.029 mg L1 was in August 6
(Fig. 1). Average seasonal concentrations of inorganic phosphorus
were 0.009 in 2007 and 0.010 mg L1 in 2008.
Phytoplankton
Biomass of phytoplankton varied during the studied seasons
(Fig. 2). In 2007 average seasonal biomass was 9.7 mg L1 and in
2008 it was 7.5 mg L1. In spring of 2007 and 2008 and in autumn
of 2008 phytoplankton was dominated by diatoms (Fig. 3),
namely by Stephanodiscus sp. Organisms of this genus could not
be differentiated to the species level in this study with a light
microscope, but in a previous study Stephanodiscus hantzschii
Grun. and Stephanodiscus minutulus (Kutz) Cleve and Moller were
identiﬁed with SEM (Sushchik et al., 2004). In summer and early
autumn cyanobacteria Planktothrix agardhii (Gom.) Anagn. et
Kom. were dominant phytoplankton species in most cases (Fig. 3).
In several dates in middle summer the phytoplankton was
dominated by euglenoids Trachelomonas sp. and by dinophyts
Peridinium sp. (Fig. 3).
Protozooplankton
Biomass of protozoans, namely ciliates, in the seston fraction
had similar seasonal dynamics in the two studied years with
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Fig. 2. Seasonal dynamics of biomass of sestonic groups of organisms in Bugach reservoir, 2007–2008.
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Fig. 1. Seasonal dynamics of water temperature and inorganic nutrients in Bugach reservoir, 2007–2008.
M.I. Gladyshev et al. / Limnologica 40 (2010) 343–357346seasonal maximum in August (Fig. 2). At the beginning and at the
end of the seasons dominant protozoan species were Coleps hirtus
(Mull.), Tintinidium sp. and Strobilidium spp., while Monodinium
balbianii Fabre-Domergue peaked in August.Metazooplankton o130 mm
Biomass of metazooplankton in the seston fraction o130 mm
varied signiﬁcantly during two studied seasons (Fig. 2). Average
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M.I. Gladyshev et al. / Limnologica 40 (2010) 343–357 347
Table 1
Average levels (% of total7SE, n=38) of quantitatively prominent fatty acids in
seston (o130 mm) and zooplankton (4130 mm) fractions in Bugach reservoir,
May–September (October), 2007–2008.
Fatty acid Seston Zooplankton T
12:0 0.7470.10 0.5270.05 256.0
14:0 8.3470.34 5.8570.24 14.0
15:0 1.2470.10 1.3070.08 318.0
16:0 20.5370.47 19.6270.42 260.0
16:1o9 1.6470.20 1.4770.16 252.0
16:1o7 10.5370.90 7.4670.79 3.0
16:2o6 0.4170.04 0.2470.02 100.0
16:2o4 0.8670.11 0.4870.09 0.0
17:0 0.6170.05 1.3970.10 7.0
16:3o4 1.1570.22 0.6370.16 15.0
16:3o3 1.1770.10 0.5070.04 0.0
16:4o3 3.0070.29 1.3270.12 7.0
16:4o1 0.5170.15 0.3470.13 22.0
18:0 3.3270.25 5.1770.24 64.0
18:1o9 5.1870.30 4.4470.23 225.0
18:1o7 1.7870.09 2.1470.08 124.0
18:2o6 3.3270.21 3.2570.20 360.0
18:3o3 10.5470.68 7.3670.46 19.0
18:4o3 4.4970.24 2.7070.21 1.0
20:0 0.2570.02 0.3270.02 120.0
20:1o9 0.2470.03 0.4870.07 97.0
20:4o6 0.8370.06 1.6970.14 36.0
20:4o3 0.52770.04 1.1570.06 6.0
20:5o3 6.7970.55 8.4570.41 66.0
22:0 0.3870.03 0.4170.02 288.0
22:1o11 0.0870.01 0.2270.02 44.0
22:1o9 0.0070.00 0.1170.02 0.0
22:5o6 0.6370.06 1.1470.11 77.0
22:5o3 0.2770.03 1.2470.08 0.0
22:6o3 3.6570.29 10.6770.79 10.0
Wilcoxonmatched pairs test T-values indicated signiﬁcant differences are given in bold.
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M.I. Gladyshev et al. / Limnologica 40 (2010) 343–357348seasonal biomass of metazooplankton was 0.8 mg L1 in 2007
and 2.8 mg L1 in 2008. Metazooplankton primarily consisted of
small rotifers. Their average biomass was 94.7% of total biomass
of the metazooplankton, and the minimum value was 75.6%. In
2007 Trichocerca spp. and Polyarthra sp. were the dominant
species, and in 2008, besides the two above species, Anuraeopsis
ﬁssa Gosse, Synchaeta sp., Keratella cochlearis Gosse and Brachionus
calyciﬂorus Pallas were the dominant species in several dates. The
metazooplankton also comprised nauplii and copepodits of stage
I, and several specimens of Bosmina longirostris O.F.Mu¨ller were
found in one case (02.07.2008).Zooplankton 4130 mm
Seasonal dynamics of biomass of zooplankton of the fraction
4130 mm had similar patterns during two studied years. Seasonal
maximums occurred in early summer, and then the biomass peaked
again in August 2007 or July 2008 (Fig. 2). Average seasonal values of
the biomass were 0.93mg L1 in 2007 and 0.66mg L1 in 2008.
Copepods, namely Cyclops vicinus Uljanine were dominant species in
most cases (Fig. 4). In several dates Rotatoria constitutedmajor part of
the zooplankton biomass (Fig. 4). In May–June 2007 B. calyciﬂorus and
Asplanchna henrietta Langhans successively were the dominant
species. In May–July 2008, the zooplankton was dominated by
Polyarthra sp., B. calyciﬂorus and Asplanchna girodi Guerne+Asplanchna
brightwelli Gosse. Cladocera, namely Leptodora kindti Focke and
Daphnia cucullata Sars peaked considerably in several dates of July–
August (Fig. 4).18:1ω9 
 
8:0 
12:0 15:0 
20:0 
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2ω6 
16:1ω9 
18:1ω7 18:2ω6 
3 
16:3ω3 20:4ω6 
22:5ω6 
22:6ω3 
22:5ω3 
group 3s 
group 5s 
gach reservoir, May–September (October) 2007–2008: r – statistically signiﬁcant
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In the seston fraction o130 mm and in the zooplankton fraction
4130 mm64 and 67 fatty acids were identiﬁed, respectively. Per cent
levels of quantitatively prominent fatty acids are given in Table 1. The
FA composition of the seston and the zooplankton differed
signiﬁcantly. Levels of 14:0, 16:1o7, 16:2o6, 16:2o4, 16:3o4,
16:3o3, 16:4o3, 16:4o1, 18:1o9, 18:3o3 and 18:4o3, were higher
in the seston, while levels of 17:0, 18:0, 18:1o7, 20:0, 20:1o9,
20:4o6, 20:4o3, 20:5o3, 22:1o11, 22:5o6, 22:5o3 and 22:6o3
were signiﬁcantly higher in the zooplankton (Table 1). Fatty acid
22:1o9 was found in zooplankton only (Table 1). Levels of 12:0, 15:0,
16:0, 16:1o9, 18:2o6 and 22:0, did not differ signiﬁcantly between
the fractions (Table 1).
Correlation graph analyses revealed groups of FAs which had
similar seasonal dynamics of their levels in the fractions (Figs. 5
and 6). Seasonal dynamics of sums of acids of these groups are
depicted in Figs. 7 and 8. Sestonic group 1s (Fig. 5), comprised
eicosapentaenoic acid (EPA, 20:5o3) and C16 unsaturated acids
with double bonds in positions o1, o4 and o7, had seasonal
maximums at the beginning of both seasons (Fig. 7). Group 2s
(Fig. 5), comprised saturated acids and oleic acid (18:1o9), had
high levels in the middle of the season of 2007 and in the middle
and at the end of 2008 (Fig. 7). Fatty acids of group 3s (Fig. 5), such
as linoleic (LA, 18:2o6), a-linolenic (ALA, 18:3o3) and
arachidonic (ARA, 20:4o6) and vaccenic (VA, 18:1o7), like those18:3ω3
16:3ω3
20:5ω3
18:4ω3
16:0
14:0
16:1ω7
16:2ω4
16:3ω4
16:4ω1
0.5< r ≤0.6
                  0.6≤ r<0.7
                  0.7≤ r <0.8
                  0.8≤ r <0.9
                  0.9≤ r <1.0
18:1
17:0
18:0
22
group 1z 
group
Fig. 6. Correlation graph of levels (% of total) of fatty acids in the zooplankton frac
signiﬁcant correlation coefﬁcients (po0.05).of group 2s, had high levels in the middle and at the end of the
seasons, but peaked before and after group 2 (Fig. 7). Group 4s
comprised three C16 unsaturated acids (Fig. 5), of which the levels
increased during the seasons and peaked at the end of July –
beginning of August (Fig. 7). Group 5s consisted of docosahexaenoic
(DHA, 22:6o3) and docosapentaenoic o3 acids (Fig. 5) and their
sum levels peaked in early summer in 2007 and in late summer in
both years (Fig. 7).
Zooplanktonic group 1z, comprised EPA and a number of C16
unsaturated acids (Fig. 6), had maximums at the beginning of
both seasons (Fig. 8). Group 2z, comprised oleic acid and a
number of short-chain saturated and unsaturated acids (Fig. 6)
and peaked in August 2007 and 2008 (Fig. 8). Many long-chain
saturated and unsaturated acids, joined in group 3z (Fig. 6),
peaked at the beginning and at the end of summer (Fig. 8). Level
of quantitatively and qualitatively prominent a-linolenic acid,
18:3o3, which did not join with any other acid (Fig. 6), increased
from the beginning to the end of season of 2007, and had
considerable peak in June 2008 (Fig. 8).
The correlated FAs of each group (Figs. 5 and 6) evidently
originated from the same source, i.e., were synthesized de novo by
a peculiar group of organisms or were obtained with a peculiar
group of food items. Thereby, the seasonal dynamics of the
revealed groups of FAs were used for a subsequent comparison
with seasonal dynamics of taxa from seston and zooplankton
fractions to specify FA sources.20:4ω3
22:6ω3
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20:0
22:0
20:4ω6
22:5ω6
:5ω3
18:1ω9
16:4ω3
12:0
15:0
16:2ω6
16:1ω9
group 2z 
 3z 
tion in Bugach reservoir, May–September (October) 2007–2008: r – statistically
M
ay
-0
7
Ju
n-
07
Ju
l-0
7
A
ug
-0
7
S
ep
-0
7
0
5
10
M
ay
-0
8
Ju
n-
08
Ju
l-0
8
A
ug
-0
8
S
ep
-0
8
0
5
10
15
0
20
group 3s
group 1s
0
10
20
group 5s
0
20
40
%
 o
f t
ot
al
 F
A
s
group 4s
group 2s
Fig. 7. Seasonal dynamics of levels (% of total) of ﬁve groups of fatty acids in the seston fraction, which formed joint clusters in the correlation graph (Fig. 5). Samples were
collected in Bugach reservoir in the period May to September (October) in 2007–2008.
M.I. Gladyshev et al. / Limnologica 40 (2010) 343–357350Correlations between FAs and taxonomic compositions
Seasonal dynamics of percentages of phytoplankton, proto-
zoans and metazooplankton in total biomass of the seston fraction
are given in Fig. 9. Average (minimum–maximum) per cent levels
of phytoplankton, protozoans and metazooplakton during the
studied period were 60.9 (23.3–93.6), 27.3 (3.7–70.7) and 11.8
(0.8–60.8), respectively. The levels of protozoans and
metazooplankton, together with that of phytoplankton, which
was subdivided into main taxa (Fig. 3), were compared with those
of groups of fatty acids and some single acids (Figs. 5 and 7) using
canonical correlation analysis. CCA (Table 2, Fig. 10a) gave a high
overall canonical correlation coefﬁcient, R1, pertaining to the ﬁrst
canonical root, and the coefﬁcient of second root, R2, was also
statistically signiﬁcant. In the set of independent variables (per
cent levels of groups of organisms), diatoms had the lowest
negative factor loadings and cyanobacteria and greens had the
highest positive factor loadings (Table 2). In the set of dependent
variables (per cent levels of groups of FAs and single FAs) group 1s
and group 3s had the lowest negative and the highest positive
factor loadings, respectively (Table 2). Thus, the highest canonical
correlation R1 between the two sets of variables was mostly due
to interactions between diatoms and FAs of group 1s on the other
hand and between cyanobacteria and green algae and FAs of
group 3s on the other hand.CCA between taxonomic composition of zooplankton
4130 mm and its FA composition gave signiﬁcant, but compara-
tively low overall canonical correlation R1, while R2 was insignif-
icant (Table 3, Fig. 10b). This meant that zooplankton FA levels
had comparatively poor correlations with taxonomic composition.
Thus, FA composition of zooplankton was likely to depend on FA
composition of their food, i.e., seston, rather than on the
taxonomic composition of zooplankton. Thereby a comparison
of FA composition of the seston and the zooplankton was done.
For the multivariate comparison of FA composition of the
seston and the zooplankton 18 pairs of quantitatively prominent
fatty acids (Table 4) were taken, because number of variables in
CCA is limited by number of cases minus two. Canonical
correlation coefﬁcients, R1 and R2, pertaining to ﬁrst and second
canonical roots, were very high and statistically signiﬁcant
(Table 4, Fig. 10c). In the set of independent variables (seston FA
levels) 16:1o7 and 16:4o3 had the highest positive and lowest
negative factor loadings, respectively, in the ﬁrst canonical root
(Table 4). In the set of dependent variables (zooplankton FA
levels) 16:1o7 and 20:4o6 had maximum absolute values of the
loading (Table 4). Thus, the highest canonical correlation R1
between the two sets of variables was mostly due to a positive
interaction between 16:1o7 acids in both sets, and also due to a
positive interaction between 16:4o3 in seston and 20:4o6 in
zooplankton. The second canonical correlation R2 was mostly due
M
ay
-0
7
Ju
n-
07
Ju
l-0
7
A
ug
-0
7
S
ep
-0
7
0
5
10
15
20
M
ay
-0
8
Ju
n-
08
Ju
l-0
8
A
ug
-0
8
S
ep
-0
8
0
20
40
0
10
20
group 2z
group 1z
0
20
40
60
80
%
 o
f t
ot
al
 F
A
s
ALA
group 3z
Fig. 8. Seasonal dynamics of levels (% of total) of ﬁve groups of fatty acids in the zooplankton fraction, which formed joint clusters in the correlation graph (Fig. 6). Samples
were collected in Bugach reservoir in the period May to September (October) in 2007–2008.
0%
20%
40%
60%
80%
100%
May-07 Jun-07 Jul-07 Aug-07 Sep-07 May-08 Jun-08 Jul-08 Aug-08 Sep-08
phyto 
metazoo 
protozoo 
Fig. 9. Percentages of phytoplankton, protozoans and metazooplankton in biomass of seston fraction o130 mm in Bugach reservoir, 2007–2008.
M.I. Gladyshev et al. / Limnologica 40 (2010) 343–357 351to a positive interaction between 18:3o3 acids in both sets
(Table 4).
Since FA composition of seston may be reﬂected in FA
composition of zooplankton with a certain time lag, canonical
correlation (cross-correlation) analysis was performed for the
percentages of FAs in seston on the one hand and those in
zooplankton, shifted by one week later, on the other hand. Two
ﬁrst canonical roots were high and statistically signiﬁcant (Table 5
and Fig. 10d). The overall canonical correlation coefﬁcient, R1,
pertaining to the ﬁrst canonical root, was determined largely by
16:1o7 and 20:5o3 which had the highest factor loadings both in
the independent and dependent sets of variables (Table 5). The
eigenvalue (i.e., R2) of this data set, 0.9988, was the highest
among all the analyzed CCA sets (Tables 2–6). The better ﬁt of thecross-correlated (shifted) data sets compare to those of
concurrent sets is conspicuous (cf. Fig. 10d and in 10c).Correlations between environmental parameters and FA
compositions
CCA was used to ﬁnd possible relations between environ-
mental parameters, water temperature and concentrations of
inorganic nutrients, on the one hand, and FA levels in seston, on
the other hand. The results are given in Table 6 and depicted in
Fig. 10e. The overall canonical correlation coefﬁcient, R1,
pertaining to the ﬁrst canonical root, was high and statistically
signiﬁcant, while R2 was comparatively low and insigniﬁcant
Table 2
Results of canonical correlation analysis of the percentages of groups of organisms
(of total biomass in the seston fraction) and the percentages of the fatty acid
groups (of total fatty acids in the seston fraction) in Bugach reservoir.
Groups of organisms (%) FA groups (%)
No. of variables 7 7
Variance extracted (%) 100 100
Total redundancy (%) 53.2 57.6
Number of valid cases 32
Root 1 Root 2
Eigenvalues 0.940 0.795
Canonical R 0.969 0.891
Chi-square 139.7 73.6
d.f. 49 36
P o0.001 o0.001
Factor loadings
Groups of organisms (%)
Cyanobacteria 0.576 0.549
Diatoms 0.956 0.038
Greens 0.545 0.550
Euglenoids 0.354 0.055
Dinophyts 0.140 0.787
Metazoopalnkton o130 mm 0.044 0.404
Protozoans 0.018 0.210
FA groups (%)
Group 1s 0.958 0.030
Group 2s 0.595 0.536
Group 3s 0.884 0.182
Group 4s 0.638 0.337
Group 5s 0.149 0.110
14:0 0.016 0.685
16:0 0.138 0.196
Samples were collected in the period May to September (October) in 2007–2008.
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correlation, R1, was mostly due to the negative association
between water temperature and level of eicosapentaenoic acid,
20:5o3 in seston (Table 6).
To check a possible inﬂuence of water temperature on per cent
levels of individual FAs in zooplankton, a product-moment correla-
tion analysis was carried out. The highest statistically signiﬁcant
correlation coefﬁcient, r=0.69, was obtained for 20:5o3.Discussion
Although species composition of the seston fraction and the
zooplankton fraction overlapped to some extent, i.e., nauplii,
copepodites and B. calyciﬂorus were found in both fractions, levels
of many individual FAs in the seston and the zooplankton differed
signiﬁcantly. Our data on the increase of levels of some PUFAs,
such as ARA, EPA and DHA, in zooplankton compare to those in
seston are in a good agreement with ﬁndings of some other
authors (Kainz et al., 2004; Rossi et al., 2006; Smyntek et al.,
2008). Thus, there was an evident shift of FA composition of
zooplankton compared to that of their food source, seston. In
laboratory experiments the shift in Daphnia FA composition
compared to that of their diet was also found (Von Elert, 2002).
Nevertheless, in spite of some differences in percentages of
individual FAs, Brett et al. (2006) pointed out that correlation
between fatty acid composition of Daphnia and their diets was
quite striking. We also found very strong correlation between FA
composition of the seston and the zooplankton using the multi-
variate canonical correlation analysis. Moreover, the cross-
correlation analysis of the data sets with one-week lag for thezooplankton FA proﬁle gave the best canonical correlation. The
same phenomenon was revealed in a similar ﬁeld study:
proportions of individual fatty acids of polar lipids (PLFA) in adult
Daphnia correlated more strongly with those of seston PLFA
proﬁle in the water column 7 days earlier, than with the
concurrent PLFA proﬁle (Taipale et al., 2009). The authors of the
above research concluded that this ca. 1-week lag presumably
reﬂects the time it takes for adult Daphnia to turn over their FA
pool during growth and development. Although we analyzed
pooled FA proﬁles of zooplankton, like in some other ﬁeld studies
(Gutseit et al., 2007), our ﬁndings evidently were similar to those
for single species, Daphnia sp., referred above.
FA levels in the zooplankton fraction had comparatively poor
correlations with taxonomic composition of the zooplankton. The
ﬁrst group of FAs, closely associated with rotifers, comprised
marker acids of diatoms. The second group, which had the highest
association with cladocerans, comprised marker acids of bacteria,
cyanobacteria and green algae. Thus, FA composition of zooplank-
ton more likely reﬂected their food sources, rather than
taxonomic composition. This ﬁnding is in good agreement with
results of laboratory experiments (Goulden and Place, 1990; Brett
et al., 2006; Brett et al., 2009) and with our present results of CCA
between FA composition of the seston and the zooplankton.
Evidently, zooplankton has very limited capacity to modify
dietary fatty acids (Goulden and Place, 1990; Brett et al., 2006).
Although different zooplankton taxa, such as cladocerans and
copepods do have differences in contents of certain FAs, especially
EPA and DHA (Persson and Vrede, 2006; Smyntek et al., 2008;
Brett et al., 2009; Kainz et al., 2009), the impact of dietary sources
on overall FA composition of zooplankton appeared to be the
main determinant factor in our study. During seasonal succession
of plankton communities dominant consumers, zooplankton, are
inevitably ﬁtted to dominant producers, phytoplankton (in
conjunction with microbial loop), and FA proﬁles of consumers
in general naturally reﬂect FA proﬁles of producers. The ‘reﬂec-
tion’ means multidimensional correlation of entire FA proﬁles,
rather than a strict equality of levels of each individual fatty acid
in seston and zooplankton. Although shifts of levels of certain
fatty acids in zooplankton compare to those in seston in the
reservoir was evident, the correlation of the FA proﬁles was very
striking, just like in the experiments with laboratory mono-
cultures (Brett et al. 2006, 2009).
In contrast to the zooplankton fraction 4130 mm, the FA
composition of the seston was strongly affected by its taxonomic
composition, namely by that of algae. The highest factor loadings
had diatoms interacting with acids of group 1s, which comprised
marker acids of diatom algae: 16:1o7, 16:2o4, 16:3o4, 16:4o1 and
20:5o3 (Ahlgren et al., 1992; Sushchik et al., 2003a). Also high factor
loadings pertained to interactions between cyanobacteria and green
algae, on the one hand, and group 3s, on the other hand, which
comprised marker acids of these taxa: 16:3o3, 18:1o7, 18:2o6 and
18:3o3 (Ahlgren et al., 1992; Sushchik et al., 2003a). Results of our
study are similar with ﬁndings of Mu¨ller-Navarra et al. (2004). These
authors, using CCA, found very high associations between cyano-
bacteria and 18:3o3, on the one hand, and between diatoms and
EPA, on the other hand, like in our study. According to the results
obtained by Hessen and Leu (2006) using redundancy analysis, the
percentage of Chlorophyceae was the only factor signiﬁcantly
contributing to variation in fatty acid composition of seston, and
Chlorophyceae were predominantly associated with high levels of
18:3o3. This ﬁnding is in a good agreement with our present results.
Thus, in spite of the considerable contribution of protozoans and
metazooplankton in the total seston biomass, namely phytoplankton
determined the FA composition of seston in Bugach reservoir, like it
was found for some other water bodies (Hessen and Leu, 2006;
Taipale et al., 2009).
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Fig. 10. Plots of correlations between the two canonical variables of the ﬁrst canonical root: a – the percentages of groups of organisms (of total biomass in the seston
fraction) and the percentages of the fatty acid groups (of total fatty acids in the seston fraction, see Table 2); b – the percentages of zooplankton taxa (of total biomass) and
the percentages of the fatty acid groups (of total fatty acids in the zooplankton fraction, see Table 3); c – the percentages of FA (of total fatty acids) in zooplankton and
seston (see Table 4); d – the percentages of FA (of total fatty acids) in seston and in zooplankton one week later (see Table 5); e – environmental parameters (t, 1C, NH4–N,
mg L1 and PO4–P, mg L
1) and the percentages of the fatty in the seston fraction (of total fatty acids, see Table 6). Samples were collected in the period May to September
(October) in 2007–2008 in Bugach reservoir.
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sometimes the major part of the seston biomass in the studied
reservoir. Nevertheless, according to the canonical correlation
analysis their contribution to the total FA proﬁle of seston wascomparatively insigniﬁcant. As known, the fatty acid composition
of ciliates showed a close resemblance to that of their food
resources, i.e., phytoplankton (Desvilettes et al., 1997; Harvey
et al., 1997; Klein Breteler et al., 2004). In a laboratory experiment
Table 3
Results of canonical correlation analysis of the percentages of zooplankton taxa (of
total biomass) and the percentages of the fatty acid groups (of total fatty acids in
the zooplankton fraction) in Bugach reservoir.
Zooplankton taxa (%) FA groups (%)
No. of variables 3 4
Variance extracted (%) 100 80.5
Total redundancy (%) 36.9 23.8
Number of valid cases 38
Root 1 Root 2
Eigenvalues 0.589 0.152
Canonical R 0.768 0.390
Chi-square 36.6 7.2
d.f. 12 6
P o0.001 40.05
Factor loadings
Zooplankton taxa (%)
Cladocera 0.939 0.338
Cyclopoida 0.319 0.873
Rotatoria 0.740 0.633
FA groups (%)
group 1z 0.417 0.851
group 2z 0.966 0.231
group 3z 0.108 0.993
ALA (18:3o3) 0.0297 0.253
Samples were collected in the period May to September (October) in 2007–2008.
Table 4
Results of canonical correlation analysis of the percentages of fatty acids (of total
fatty acids) of zooplankton and seston in Bugach reservoir.
Seston FA (%) Zooplankton FA (%)
No. of variables 18 18
Variance extracted (%) 100 100
Total redundancy (%) 75.4 75.6
Number of valid cases 38
Root 1 Root 2
Eigenvalues 0.9988 0.9968
Canonical R 0.9994 0.9983
Chi-square 628.3 503.7
d.f. 324 289
P o0.001 o0.001
Factor loadings
Seston FA (%)
14:0 0.178 0.087
16:0 0.015 0.142
16:1o7 0.774 0.016
16:3o4 0.633 0.225
16:4o3 0.771 0.229
18:0 0.369 0.298
18:1o9 0.498 0.286
18:2o6 0.489 0.395
18:3o3 0.357 0.502
18:4o3 0.472 0.481
20:0 0.356 0.262
20:4o6 0.244 0.018
20:4o3 0.320 0.068
20:5o3 0.674 0.350
22:0 0.480 0.090
22:5o6 0.241 0.098
22:5o3 0.391 0.001
22:6o3 0.039 0.241
Zooplankton FA (%)
14:0 0.444 0.093
16:0 0.378 0.285
16:1o7 0.809 0.114
16:3o4 0.652 0.281
16:4o3 0.630 0.262
18:0 0.567 0.063
18:1o9 0.267 0.185
18:2o6 0.270 0.189
18:3o3 0.155 0.553
18:4o3 0.659 0.422
20:0 0.484 0.224
20:4o6 0.720 0.063
20:4o3 0.280 0.000
20:5o3 0.489 0.270
22:0 0.574 0.217
22:5o6 0.593 0.327
22:5o3 0.433 0.126
22:6o3 0.521 0.277
Samples were collected in the period May to September (October) in 2007–2008.
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acid classes in two ciliate species basically resembled the
composition of the consumed algae, except DHA and two other
PUFAs, but carbon-speciﬁc concentrations of almost all FAs were
higher in the ciliates than in their algal diet. It should be
emphasized, that in our paper we primarily regard fatty acid
composition (proﬁles), i.e., their percentages of total FAs, rather
than their concentrations per biomass or carbon units, which
depend on many other parameters of biochemical structure. Thus,
regarding FA composition, ciliates in general seem to only transfer
fatty acids from algae to higher trophic levels without further
conversion (Klein Breteler et al., 2004; Mu¨ller-Navarra, 2008, but
see Martin-Creuzburg et al., 2005), in contrast to ﬂagellates (Klein
Breteler et al., 1999). We found in the present study that ciliates,
which composed up to 70.7% of the biomass of the seston, did not
contributed signiﬁcantly in the seasonal variation of the FA proﬁle
of seston, in contrast to phytoplankton. This ﬁnding indirectly
support the conclusion of the other authors, mentioned above,
that the main source of FAs presented in ciliates must be sought in
algae and that ciliates do not seem to modify FA composition of
food consumed, apart from repackaging it.
Besides the ciliates, rotifers were the dominant taxa of the
metazooplankton from the seston fraction o130 mm in Bugach
reservoir. Like the ciliates, they also seem in general only to
‘repack’ algal fatty acids for higher trophic levels. Indeed, in
laboratory cultures fatty acids dominating in B. calyciﬂorus
samples were the same that dominated in consumed microalgae,
but rotifers had small percentages of some PUFAs, including ARA
and EPA, which were absent in the algae (Isik et al., 1999; Kennari
et al., 2008). Rotifers and ciliates in Bugach reservoir are believed
to be consumed by omnivorous zooplankton 4130 mm, like in
some other water bodies, namely by C. vicinus (Plaßmann et al.,
1997; Devetter and Seda, 2006) and by Asplanchna spp. (Bul’on
et al., 1999; Yin and Niu, 2008). Thus, phytoplankton ﬁngerprints
were well detectable as FA-proﬁles of consumers and thereby
were revealed by CCA and by the correlation graph analysis.
In this study we compared the FA composition in two
fractions, o130 mm and 4130 mm. Could the results of the
study be principally affected by the choice of the fraction sizes?Or, in other words, if to compare more ﬁne fractions could it alter
the conclusions? First of all, it should be noticed, that in the
studied reservoir dominant large zooplankton species were
omnivorous cyclopoids and rotifers, C. vicinus and Asplanchna
spp., capable of raptorial feeding on protozoans and small rotifers
ca. 100 mm. Dominant species of metazooplankton o130 mm in
Bugach reservoir, Polyarthra sp. Synchaeta sp., and K. cochlearis are
known to be preyed upon by C. vicinus (Plaßmann et al., 1997;
Devetter and Seda, 2006). Asplanchna consume ciliates (Bul’on
et al., 1999) and small rotifers, B. calyciﬂorus (Yin and Niu, 2008),
one of the dominant species of metazooplankton o130 mm in
Bugach reservoir. Hence, to compare the FA composition of large
omnivorous zooplankters with that of their food we had to
include in the analyses the feeding objects ca. 100 mm. Some
authors during similar studies used more than two fractions with
more ﬁne size subdivision. Maazouzi et al. (2008) studied FA
Table 5
Results of canonical cross-correlation analysis of the percentages of fatty acids (of
total fatty acids) in seston and in one week later zooplankton in Bugach reservoir.
Seston FA (%) Zooplankton FA (%)
one week later
No. of variables 17 17
Variance extracted (%) 100% 100%
Total redundancy (%) 70.8% 74.1%
Number of valid cases 36
Root 1 Root 2
Eigenvalues 0.9997 0.9875
Canonical R 0.9998 0.9937
Chi-square 504.1 362.3
d.f. 289 256
P o0.001 o0.001
Factor loadings
Seston FA (%)
14:0 0.115 0.235
16:0 0.112 0.277
16:1o7 0.773 0.038
16:4o3 0.361 0.300
18:0 0.511 0.302
18:1o9 0.771 0.333
18:2o6 0.765 0.016
18:3o3 0.674 0.027
18:4o3 0.456 0.078
20:0 0.468 0.464
20:4o6 0.515 0.075
20:4o3 0.166 0.078
20:5o3 0.798 0.141
22:0 0.518 0.501
22:5o6 0.308 0.069
22:5o3 0.275 0.331
22:6o3 0.118 0.199
Zooplankton FA (%)
14:0 0.262 0.184
16:0 0.193 0.178
16:1o7 0.831 0.121
16:4o3 0.203 0.173
18:0 0.633 0.431
18:1o9 0.482 0.014
18:2o6 0.600 0.046
18:3o3 0.353 0.465
18:4o3 0.491 0.011
20:0 0.480 0.644
20:4o6 0.677 0.057
20:4o3 0.152 0.257
20:5o3 0.732 0.192
22:0 0.471 0.573
22:5o6 0.558 0.267
22:5o3 0.104 0.409
22:6o3 0.246 0.125
Samples were collected in the period May to September (October) in 2007–2008.
Table 6
Results of canonical correlation analysis of the environmental parameters and the
percentages of fatty acids (of total fatty acids) in seston in Bugach reservoir.
Environmental parameters Seston FA (%)
No. of variables 3 27
Variance extracted (%) 100 22.2
Total redundancy (%) 77.4 19.5
Number of valid cases 38
Root 1 Root 2
Eigenvalues 0.951 0.770
Canonical R 0.975 0.878
Chi-square 111.7 46.8
d.f. 81 52
P o0.05 40.05
Factor loadings
Environmental parameters
t (1C) 0.976 0.161
NH4–N, mg L
1 0.011 0.910
PO4–P (mg L
1) 0.130 0.746
Seston FA (%)
12:0 0.446 0.026
14:0 0.196 0.131
15:0 0.362 0.060
16:0 0.531 0.058
16:1o9 0.304 0.406
16:1o7 0.556 0.184
16:2o6 0.120 0.072
16:2o4 0.587 0.167
17:0 0.295 0.284
16:3o4 0.627 0.172
16:3o3 0.322 0.017
16:4o3 0.226 0.271
16:4o1 0.604 0.203
18:0 0.206 0.313
18:1o9 0.536 0.169
18:1o7 0.590 0.251
18:2o6 0.488 0.044
18:3o3 0.186 0.010
18:4o3 0.221 0.184
20:0 0.425 0.142
20:4o6 0.496 0.089
20:4o3 0.079 0.070
20:5o3 0.635 0.172
22:0 0.358 0.173
22:5o6 0.098 0.134
22:5o3 0.238 0.058
22:6o3 0.221 0.213
Samples were collected in the period May to September (October) in 2007–2008.
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and 4500 mm. No signiﬁcant differences were shown between
the two smallest size fractions or between the two largest ones.
Kainz et al. (2009) compared FA contents in seston fractions 0.7–
35, 35–64 and 64–100 mm and zooplankton fraction 4200 mm.
They found no signiﬁcant differences for concentrations of
essential fatty acids among the three seston size classes, up to
100 mm, but the concentration increased in the zooplankton
fraction 4200 mm. Thus, our choice of the two fractions, 4130
and o130 mm, which were potentially different regarding FA
composition, seems to be reasonable, like in some other similar
studies, where two fractions o100 and 4100 mm were used
(Gutseit et al., 2007; Taipale et al., 2009).
Water temperature was the principal environmental para-
meter which drove the above variations. Factor loadings for the
inorganic nutrients were comparatively negligible. The maincontribution in the seasonal variation of FA composition of the
seston was given by negative interaction between water tem-
perature and percentage of EPA in the seston. EPA level in the
zooplankton also had the best product-moment correlation with
temperature. This result is in line with other studies of inﬂuence
of temperature on FA composition of plankton organisms. In ﬁeld
studies an increase of PUFA, including EPA in seston and
zooplankton with a decrease of water temperature was supposed,
although no direct quantitative estimation of the possible relation
were done (Hessen and Leu, 2006; Maazouzi et al., 2008, but see
Taipale et al., 2009). In laboratory experiments increase of levels
of PUFAs in response to decrease of temperature was well
demonstrated both for phytoplankton (Sushchik et al., 2003c;
Jiang and Gao, 2004) and for zooplankton (Schlechtriem et al.,
2006; Masclaux et al., 2009). It is generally accepted that
poikilothermic organisms increase the proportion of PUFA in
their lipids to maintain cell membrane ﬂuidity at low tempera-
tures so that normal functions of membrane (ion permeability,
photosynthetic and respiratory processes) can continue unim-
paired (Guschina and Harwood, 2009; Masclaux et al., 2009). This
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et al., 2008; Brett et al., 2009).
Our ﬁnding that water temperature rather than contents of
inorganic nutrients was the determinant environmental
parameter effected PUFA (ﬁrst of all, EPA) content in seston
(phyto- and zooplankton) did not support hypothesis of Ahlgren
et al. (1996) that levels of the essential o3-PUFAs in aquatic
organisms inversely depend on a trophic state of aquatic
ecosystem. Indeed, in the studied eutrophic Bugach reservoir,
where in summer ‘‘blooms’’ of cyanobacteria occurred, diatom
algae, rich in EPA, were dominant species during cold periods, in
spring and autumn. The percentage of EPA in the seston increased
in these periods several fold compared to summer, as well as its
concentrations (Sushchik et al., 2004). Moreover, with decreasing
phosphate availability EPA proportion in algae signiﬁcantly
decreased (Khozin-Goldberg and Cohen, 2006). It is important to
note, that eutrophic water bodies in cold periods, like in our study,
or in cold regions (Gutseit et al., 2007) do have EPA-rich
phytoplankton. Gladyshev et al. (2009) speculated that global
warming might decrease PUFA production in aquatic ecosystems
with possible negative effect for surrounding terrestrial ecosys-
tems. Our present ﬁndings on the importance of water tempera-
ture for PUFA percentage in plankton, together with some
literature data (Maazouzi et al., 2008) support this hypothesis.
In contrast to our ﬁnding and data of some other authors
(Smith et al., 2007; Gutseit et al., 2007) on the comparatively low
effect of phosphorus on PUFA contents, Mu¨ller-Navarra et al.
(2004) found very strong and signiﬁcant non-linear regression
between total phosphorus and EPA and DHA relative to carbon
content in seston of many lakes. Our data, based on per cent levels
of PUFAs, soluble inorganic phosphorus and linear correlations,
cannot be directly compared with the above ﬁndings. On the
other hand, Mu¨ller-Navarra et al. (2004) restricted their sampling
period to mid June  beginning of September, i.e., water
temperature in this period probably had comparatively insignif-
icant variation. Thus, one might suppose that phosphorus was the
determinant factor of PUFA composition of seston under a semi-
constant temperature.
Thus, in the studied reservoir the FA composition of zooplank-
ton 4130 mm strongly correlated with that of seston o130 mm,
although differences in the levels of many acids in their proﬁles
took place. The overall seasonal variation of FA composition of
plankton were determined by variations of levels of fatty acids of
diatoms, which dominated in the phytoplankton community in
spring and in autumn, in particular, by EPA, and by variations of
fatty acids of cyanobacteria and green algae, which dominated in
summer. Water temperature was the principal environmental
parameter, which determined the seasonal dynamics of FA
composition of plankton, ﬁrst of all via variations of the
percentage of EPA. It is important to note, that seasonal peaks
of the zooplankton biomass did not follow seasonal peaks of
phytoplankton biomass, but occurred in early summer just after
peaks of fatty acids of diatoms, including EPA. So, in the studied
eutrophic reservoir zooplankton appeared to follow food quality,
rather than quantity.Acknowledgements
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